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Abstract
Background: Results concerning the association between Body Mass Index (BMI) and depression in adolescence
are conflicting, some describing a linear association (increase in BMI with level of depression), some a U-shaped
association (both underweight and obesity are associated with high levels of depression), and they mostly concern
small samples. The purpose of this study was to describe the association between BMI and depression in a large
representative sample of French adolescents.
Methods: The association between BMI and depression, measured on the Adolescent Depression Rating Scale
(ADRS), was tested in a French national representative sample of 39542 adolescents aged 17. Self-report data is
derived from the 2008 ESCAPAD study, an epidemiological study based on a questionnaire focused on health and
drug consumption. We used spline function analysis to describe the association between BMI and depression.
Results: The association between BMI and depression is significant (p < 0.001) and non-linear for both genders,
with no effect of parental working and marital status. For boys, there is U-shaped association. For girls the shape of
the association is complex and shows inverted convexity for high levels of BMI. The spline shows higher scores for
depression among overweight girls than among obese girls.
Conclusion: There is evidence for a gender difference in the association between BMI and depression in
adolescents, supporting the need to study boys and girls separately. Overweight adolescent girls are more likely to
be depressed than obese adolescent girls, giving support for “fat and jolly” hypothesis not only among older
women but also among adolescent girls.
Background
Adolescence is a critical period, whether for weight pro-
blems or for depression. Obesity and depressive disor-
ders in adolescence in particular are risk factors for
chronic pathologies in adulthood, the medical and eco-
nomic consequences of which are central public health
issues [1-4]. Numerous covariates of the association
between variation of weight and depression have been
described, especially in adolescence, such as age, gender,
socioeconomic status of the parents, family structure,
level of education, race/ethnicity, body image, [5-9]. A
multifaceted approach to explaining child and adoles-
cent variations in weight has suggested that the home
environment and socioeconomic status are important
considerations [10,6].
While only longitudinal studies are likely to demon-
strate the complex underlying mechanisms linking varia-
tion in weight and depression, such as a bidirectional
association, with potential moderators such as physical
activity, eating patterns, or depression severity [11-13],
cross-sectional studies in a large-scale community sam-
ple do contribute to describing the characteristics of the
association between weight and depression [14]. To
date, all kinds of associations have been described at dif-
ferent ages: a positive association between depression
and obesity (more severe depression is associated with
* Correspondence: anne.revah-levy@ch-argenteuil.fr
† Contributed equally
1INSERM, U-669 PSIGIAM, Paris, F-75679, France
Full list of author information is available at the end of the article
Revah-Levy et al. BMC Public Health 2011, 11:649
http://www.biomedcentral.com/1471-2458/11/649
© 2011 Revah-Levy et al; licensee BioMed Central Ltd. This is an Open Access article distributed under the terms of the Creative
Commons Attribution License (http://creativecommons.org/licenses/by/2.0), which permits unrestricted use, distribution, and
reproduction in any medium, provided the original work is properly cited.greater obesity) [15-18], a negative association (more
severe depression is associated with a lesser degree of
obesity)[19], no association [20,21]. We found few stu-
dies in which the existence of a U-curve was tested
[22-24]. According to Wardle, the case for a relationship
between adolescent obesity and depression is not yet
proven. The heterogeneity of results in this area could
be related to different factors. Firstly adolescence is a
period of bodily change, with a particular impact of
weight change, probably more complex than in adults.
Secondly, covariables envisaged differ from one study to
another. And finally heterogeneity in results may also
arise from the different methods used to measure
depression [4,19].
Indeed, the variability of criteria to define categories of
weight and depression from one study to another render
interpretation of results rather difficult. There is also a
problem with the use of depression measures that con-
tain an item or items concerning appetite or weight,
which could bias results.
To date, there has been no study on this question in
any European country on a large sample of adolescents
aged 17 and representative of that population. The aim
of the present study, in the largest-ever representative
sample of French adolescents aged 17 years-old, was i)
to determine the prevalence of overweight and obesity,
ii) to determine the prevalence of depression, using a
validated tool, the Adolescent Depression Rating Scale
(ADRS) [25], which contains no item on weight, appe-
tite, or body image, and iii) to investigate the association
between BMI and depression controlling for working
and marital status of the parents.
Method
Participant selection
Participants were recruited in metropolitan France (i.e.
excluding overseas territories) between March 15
th and
March 31
st 2008 during the National Defense Prepara-
tion Day (Journée d’Appel de Préparation à la Défense -
JAPD). The JAPD is a civic and military information
session that is required of all adolescents aged 17, and
mandatory to sit public examinations (e.g., driving
license, university exams). All French adolescents aged
17 years are called to participate in these national days
in one of the 250 centers in France. In all, 764 000 ado-
lescents aged 17 were living in metropolitan France in
2008. Among these, 44 733 (5.9%) subjects aged 17
years were invited to participate in the Survey on Health
and Behavior, called ESCAPAD [26], a cross-sectional
survey conducted by the French Monitoring Center for
Drugs and Drug Addiction (Observatoire Français des
Drogues et des Toxicomanies- OFDT), and administered
during JAPD days in collaboration with the National
Service Bureau of the Army. The sample finally included
in this study comprised 39 542 French subjects living in
metropolitan France (N = 19,658 girls and 19,884 boys).
This represents 5.2% of adolescents aged 17 years living
in metropolitan France (5.3% for girls and 5.1% for
boys). The survey obtained the public statistics general
interest seal from the Comité National de l’Information
Statistique - CNIS, as well as the approval of ethics
committee (Commission Nationale d’Information et
Liberté).
Measures of BMI and depression
From the ESCAPAD questionnaire, we used the data
available about weight, height, and ADRS scores.
BMI was calculated as weight in kilograms divided by
height in meters squared, based on self-reported heights
and weights. According to WHO guidelines [27], adoles-
cents were classified as underweight (BMI < = 17.0 kg/
m
2), normal weight (BMI of > 17.0-24.0 kg/m
2), over-
weight (BMI of > 24-29.0 kg/m
2), or obese (BMI > 29.0
kg/m
2) and the proportions of subjects in these cate-
gories were computed separately for boys and girls.
Depression was measure using the ADRS, specifically
developed to measure the intensity of depression among
adolescents. This measure was previously validated on
young people aged 12 to 20 and published with the offi-
cial cut-off [25]. It is a 10-item self-administered ques-
tionnaire with yes/no responses concerning the two
weeks preceding completion. The sum of item scores
provides a score that divides the population into three
distinct groups: score 0 to 2 “not depressed”,3t o5
“sub-threshold depression”,a n d6o rm o r e“depressed”.
The cutoff of 6 was chosen because it provides maxi-
mum sensitivity and specificity in screening for major
depressive state according to DSM-IV with clinically
relevant intensity, which corresponds to a CGI score
(Clinical Global Impression) of 5 or more (i.e. markedly
ill or more). The corresponding subjects are therefore
termed “depressed” here. The group with a score of 3-5
is the sub-threshold group as defined in [25]. We used
categorical data only for descriptive analyses but we
used continuous data to investigate associations between
ADRS and BMI.
Parental working and marital status were based on
adolescent reports.
Statistical analysis
Data are presented as means and standard deviation or
percentages. Descriptive statistics were compared using
Student t-test or the chi-square test.
The association between BMI and ADRS was studied
using a thin-plate penalized regression spline model.
This statistical method is based on the estimation of a
general additive model with a penalized regression
spline. This model is similar to a linear regression
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as a continuous numerical variable) and an explanatory
variable (here BMI). But in contrast to linear regression,
the explanatory variable BMI is not analysed per se,i ti s
optimised using a piecewise cubic spline function. This
cubic spline function aims to find the best-fitting curve
representing the link between the dependent and inde-
pendent variables, using cubic polynomials on a succes-
sion of consecutive intervals [28]. To avoid over-
parameterization of the fitted model, a constraint is
added to the algorithm, giving a so-called penalized
regression spline model. The R software and the “mgcv”
package were used for the analyses [29]. To statistically
test the “inversion of convexity” observed in the regres-
sion spline between BMI and ADRS scores, a polyno-
mial regression was estimated. More precisely, for a
BMI between 25 and 35, ADRS was regressed against
BMI expressed with 3 orthogonal polynomials of
degrees respectively equal to 1, 2 and 3. The hypothesis
was that the component of degree 3 should be statisti-
cally significant. A probability level of P < 0.05 was used
to indicate statistical significance. The association was
controlled for parental working and marital status in the
linear part of the regression model, which is therefore
semi-parametric.
Results
Of the total sample (n = 39542), 49.7% were girls and
50.3% were boys. 92.8% of the parents had a professional
activity and 71.2% were living together.
Our results show that the distribution of the sample
across BMI categories differed significantly between boys
and girls (p < 0.001). The prevalence of « thin » subjects
was higher among girls than boys (4.0% versus 2.2%), the
prevalence of overweight was higher among boys than
girls (12.9% versus 8.7%) while the difference in the pre-
valence of obesity was not statistically significant (2.1%
versus 1.8%) (Table 1). Prevalence of overweight and obe-
sity was higher when the parents were not working (p <
0.001) for both genders. We found a significant difference
according to parental matrimonial status for the girls (p =
0.044) but not for the boys (Table 2).
Concerning depression, the mean score on the ADRS
w a ss i g n i f i c a n t l yh i g h e rf o rg i r l sc o m p a r e dt ob o y s( p<
0.001). The proportion of depressed girls (ADRS score ≥
6) (10.4%) was greater than that for boys (4.5%) (p <
0.001, Table 1). The prevalence of depression was signif-
icantly higher when parents were not working (p <
0.001), and when parents were separated (p < 0.001) for
the two depression groups, sub-threshold and depressed
for boys and for girls (Table 3).
Depression and BMI were significantly associated in
both the total sample, and in boys and girls separately
(P < 0.0001 in all three samples). In addition, the
association was not linear and the curve presented a dif-
ferent shape for boys and girls. (Figure 1A and 1B).
Among boys, the U-shaped curve demonstrated that
both obesity and underweight were associated with an
increased level of depression (Figure 1A). Among girls,
t h ec u r v es h o w e daf i r s tp a r to ft h ec u r v ed e s c r i b i n ga
U shape and then inverted convexity for higher BMI
levels (Figure 1B) indicating that overweight adolescent
girls were more likely to be depressed than obese ado-
lescent girls.
In order to test whether this inversion of convexity
observed in girls with BMI between 25 and 35 was sta-
tistically significant, we used a linear regression model
with orthogonal polynomials. More precisely, for girls
with BMI between 25 and 35, the ADRS score was
regressed against BMI expressed with a linear quadratic
and cubic component. The inversion of convexity corre-
sponds, from a statistical point of view, to the cubic
component, which was statistically significant here with
p = 0.003 (the linear and quadratic components are not
significant at the 5% level). The association did not alter
when working and marital status were controlled for.
Table 1 Demography, anthropometry and depression
Boys
n = 19884
Girls
n = 19658
Total
n = 39542
Demography
Age years (sd) 17.1 (0.29) 17.1 (0.27) 17.1 (0.28)
Parents working %
yes 93.2 92.4 92.8
no 6.8 7.6 7.2
Parents together %
yes 71.1 71.2 71.2
no (1) 28.8 28.7 28.8
Anthropometry
Weight Kg (sd) 67.6 (10.3) 56.3 (8.5) 62.0 (11.0)
Height cm (sd) 177.3 (7.0) 164.9 (6.3) 171.1 (9.1)
BMI mean (sd) 21.5 (2.9) 20.7 (3.0) 21.1 (3.0)
BMI category, %
< = 17.0 2.2 4.0 3.1
> 17.0-24.0 82.8 85.5 84.1
> 24.0-29.0 12.9 8.7 10.8
> 29 2.1 1.8 1.9
Depression
ADRS mean (sd) 1.3 (1.9) 2.2 (2.3) 1.7 (2.1)
ADRS score %
0-2 80.2 64.0 72.0
3-5 15.2 25.5 20.0
> = 6 4.5 10.4 7.5
Source: ESCAPAD 2008, OFDT
(1) This category includes young people whose parents are divorced or
separated for other reasons, and also those who have lost one or both
parents
Notes: sd = standard deviation;
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Obesity and depressive disorders are central public
health issues and the relationship between depression
and weight remains unclear [1,2].
Our study shows that irrespective of gender, the pre-
valence of overweight and obesity at 17 years of age is
respectively 10.8% and 1.9%. Figures in France at age 14
are 7% for overweight and 4% for obesity [30,31].
According to gender, the present results show a preva-
lence of overweight (12.9% for boys and 8.7% for girls)
that is comparable to that found in the international lit-
erature, ranging from 5.2% to 28.9% for boys and from
8.1% to 31.0% for girls [19]. As in the literature, we
found differences in prevalence according to parental
professional status and parental marital status [6,30,31].
The prevalence of depression in the present study on
the basis of the ADRS measure specific to adolescents
was 4.5% among boys and 10.4% among girls. In the lit-
erature, the data on prevalence of depression varies, in
particular according to the type of measure used (mea-
sures of intensity, or DSM-IV-based) as well as accord-
ing to whether or not gender differences are sought. In
France, using criteria for depression according to a stan-
dardized assessment (CIDI short form), the prevalence
of depression for the age of 15 to 24 years old as been
reported to range from 6.3% for boys, to 11.2% for girls
[32]. A review of recent epidemiological studies showed
prevalence rates ranging from 1.8% to 5.9% in the Uni-
ted States [33-35]. For the years 2005-2006, the Center
for Disease Control found a prevalence of depression
between 4% and 6.4% for ages 12 to 17, using the PHQ-
9, but without testing for gender differences [36]. Many
epidemiological and clinical studies have shown that
girls have typically been found to display higher levels of
depressive symptoms than boys [37,38]. This has been
attributed to genetics, increased prevalence of anxiety
disorders in females, biological changes associated with
puberty, cognitive predisposition and socio-cultural fac-
tors [39].
The most important result of our study concerns the
non-linear and significant association between depres-
s i o na n dB M I ,w i t hn oe f f e c to fp a r e n t a lw o r k i n ga n d
marital status. In addition, the shape of the association
is different for boys and girls. We have a U- shaped
association for boys, which shows that boys that are too
thin or too fat have higher levels of depression. For
girls, we have a beginning of a U shape, and then an
inversely convex curve, which means, first, that depres-
sion levels in underweight girls are higher than in nor-
mal weight girls, and second, that depression levels are
higher in overweight adolescent girls than in obese girls.
This can be related to the “fat and jolly” hypothesis,
which has been discussed for older women [40-42]. Our
results recall the study by Wardle et al [19], who found,
Table 2 Parental status and BMI
BMI category Boys BMI category Girls
Under weight Normal Over weight Obese Under weight Normal Over weight Obese
< = 17 > 17-24 > 24-29 > 29 < = 17 > 17-24 > 24-29 > 29
Parents working
yes 2.2 83.3 12.6 1.9 4.1 86.0 8.3 1.6
No 2.1 79.4 15.6 3.0 3.1 80.0 12.7 4.3
Parents together
Yes 2.4 82.9 12.7 2.1 4.2 85.7 8.3 1.8
no (2) 1.9 83.1 13.0 2.1 3.4 85.2 9.5 1.9
Source: ESCAPAD 2008, OFDT
(2) This category includes young people whose parents are divorced or separated for other reasons, and those who have lost one or both parents.
Table 3 Parental status and depression
ADRS score Boys ADRS score Girls
Not depressed
0-2
Sub-threshold depressed
3-5
Depressed
≥ 6
Not depressed
0-2
Sub-threshold depressed
3-5
Depressed
≥ 6
Parents working
yes 80.7 15.0 4.3 64.9 25.2 10.0
no 76.7 17.4 5.9 57.4 29.1 13.6
Parents together
yes 81.3 14.6 4.2 65.8 24.5 9.7
no (2) 77.6 17.1 5.3 60.4 27.8 11.8
Source: ESCAPAD 2008, OFDT
(2) This category includes young people whose parents are divorced or separated for other reasons, and those who have lost one or both parents.
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erators reports of depressive symptoms were more fre-
quent in overweight than in obese adolescent girls of 14,
and who found no difference for depressive symptoms
between normal weight and obese girls. Using splines,
Cortese [5] in a small sample found curves of different
shape for boys and a U-shaped curve for girls aged 11
to 14, showing that underweight girls had an equivalent
level of depression to that of obese girls, this not being
true for the boys. While some previous studies have
explored the association between obesity and depression
without questioning the gender difference [23,43,44],
according to the recent meta-analysis of community-
based studies by de Wit et al [14] there is some support
for the hypothesis that there is a difference between
males and females in the association.
The “fat and jolly” hypothesis, which we suggest for
the adolescent girls of 17 years old, is generally thought
to be related to hormone and neuro-endocrine issues,
but it could be envisaged as a possible dynamic in ado-
lescent girls. It can indeed be thought that the difficult
struggle against excess weight could let up when the
subject reaches the obesity stage, as if, once they give up
the struggle, they may feel less depressed. In all events,
obesity, despite creating negative social experiences in
adolescence, does not in itself cause depression. The
effect of moderators needs to be explored in the associa-
tion between weight and depression, and in particular
the complex association between weight and the percep-
tion of weight, as a risk factor of depression [45,46].
Several limitations of the study must be considered.
BMI was calculated from self-report, with the attendant
risk of under-estimation of weight. The degree of diver-
gence between subjective and objective BMI has been
described for different ages, different countries and
according to gender [47]. However, most studies use self-
report data. The underestimation tends to be greater
among obese adolescents, so that the prevalence in our
study may well be underestimated. Secondly, as our study
is cross-sectional, we cannot demonstrate the mechan-
isms of the association found. Only longitudinal studies
a r ea b l et oe x p l o r et h ed i f f e r e nt effects of the potential
moderators of the association, and investigate the possi-
ble predictive relationship between overweight and
depression. Indeed, longitudinal studies can provide evi-
dence for depression predicting future obesity or weight
gain or the reverse. Published research to date has shown
a mixed picture [11,48,49]. Thirdly, we have no data
available about race or ethnicity because no studies in
France are allowed to ask questions about theses major
factors in public health. Moreover, the present data only
concerns French nationals from metropolitan France (i.e.
excluding overseas territories). However the sample
nevertheless represents 5.2% of the French metropolitan
population aged 17, and is representative of it.
Overall, since the results are derived in part from the
visual examination of regression splines, they should be
considered basically as exploratory, and therefore as
requiring replication. Despite these limitations, this
study provides valuable information on account of the
Figure 1 Figure 1A and B: Association between BMI and depression (ADRS score) for boys and for girls.
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edge, this is the very first survey worldwide on such a
large representative sample of a total population of ado-
lescents. And another important point is that while
most studies use depression measures comprising items
concerning the body, food, or weight, which are con-
founders in the exploration of the links between depres-
sion and weight, in the present study we used the ADRS
measure of depression, which is the only measure that
does not contain these confounders.
Conclusion
These results point to the importance of distinguishing
between girls and boys when we investigate the nature
of the association between depression and the four dif-
ferent BMI categories. It also shows that overweight
adolescent girls are at higher risk of depression than the
obese adolescent girls.
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